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A = of 56 data sets, collected durirq - pericd 1948-1989, were calzikged.
Of these, 29 data sets (sa@ incmplete)  v acquired _ incorporated into
the project data base. !Ihekulk  ofdataaq&edwasfrm oilcxxqany
sponsored studies  in tie Rmdhoe  Bay/stefansson M region. - pmvid~
additional data ~. A~ to acquire * ~ data sets were
unsuccessful due to proprietary ~

. and data inaccessibility.

CanplEX regression analyses showed that the wind acmmted for apprdmately
40t050~of thevarian= ofthe~~ ~ed at sensor
=&n30: or less, ml markedly less at ~ -m*-3m.

Current records frail similar locations m depths Mated
ccqarable  ti-e@ained wmiance fran  year-to-y=.  Current “d3rection  was
_ly rtii~ w bottcun ~y - _@ ti the coastline.
Current fluctuations consistently _thetiby oneti_hOUrs.
~~==often imonclusive, Ixk ~ly ticatecl enaqy in
the 3- to 8+y ~iod rarqe, tich &l@es meteorological time scales. Tides
did not constitute a significant source of signal variance. Current ~
warenot adequa&toi_ti  mother-al sources of Wrrent
variability such as tragped  waves or instabilities.

-q?=- baween naxAore ail offshore open -tar ~-lmtiby
the~small~of current X pairs available. In one Cmparison of
1987 dati, ~ camxmts ~ highly Correlated (x. 66) with aRrents
70 km offshore - led offshore Cuments by 14 haxs. lthe highest dlarence
between thealnents was at a fmquenq of 0.0274 @ (37-haxr period). For
the ~id fran late July b early ~ 1987, the ~ ~ we
highly correla~ wi~ Resolution Islzm3 @ (-.91 at lag=2 hmrs), tile
the Offshcre CumentS - less strongly correlated witi _ ~ (-.69 at
lag=16 hums). Itisnut clear vhether the ~/offShcm Current me-
lationin tiparticular  case was cluetodirect  tiforc~ of both orto
acmbination ofdirectard ~ md32cm010gical forc~. tile the
pericdici~ of 37 hara for ~ ~ seems short for a~ic
@el-lmm, no Mllar-c ~

.
iseviafran the data.
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1.0 mmmuccIcw

1.1 OBJEmnm

Exploration and production of oil fran 1~e~off the north coastof
Alaska haveprcqted alargenum&r of Mesofthe Beaufort Wenvhment
by bothgmmrnmmt aniprimte~. Asaresultof_invesh“gations,
a significant ccemqm@“Cdatabase exkts for the Marskre *ufort sea
(dqhs c20M) as W as for regions farther offshore over - shelf ard slope.
Results of the recentlyqleted  Beaufort sea Mesmcale Cirmlation ~
(BSMCS) (-gaard et al., 1989) provide a valuable oontr~on to the database
~ to Imm71edge of long-term, synoptic ~ circulation ail relatim to the
wind keyond the ~ore area. While tie BSMCS data have been amlyzed ti
in~eted, mu~ of the data frcm  the neamhore  area was collected for
descriptive ~ - has not been subjected to rigorous analysis.

The first objective of this work is to identify  ail cxapile -i.ng currmt
reek, hydrogra~c,  ad meteorological  data - the ~ore area of the
Beaufort  sea. !Ihesecond  istoamlyze~  datato investigate the
relation betwem cummts in tie ~emaxd winds. ‘Ihethird  isto
relate the nearshore circulation results with thc6e of the offshore-oriented
BS14CS. The ara of study ~ frcm  Point Barrow, Alaslm  b ~tion
Point (see Figure 2-1).

Aa- (1984) exambd circulation over ~ shelf and slope of tie scuthem
Beaufort Sea ard included a Ixief backgrmii description of the coastal current
reyime. ‘he description pmsentA here draws heavily from A?qaam3 (1984) ard
is meant to provide a mntext for mnsider~ the results of various analyses
detailed in this report.

There is anple evidence of wird-driven circulation in the hner shelf area,
~icularly during summer. In general, water mvemntis wesbmdurderthe
influence of ~ly Wh5s, although fluctuations in current direction reflect
fluctuations in Wild direction. Nearskm circulation also responds to
seasonal riverine input durimj the warm season ad Mm reje=tion during the
cold part of the year, ad the resulting dai~-driven~--
wi.rd+iven circulation - circulation due to larg~le pressme gradients.

I?reeam ofice~sugpresses kinetic enerqylevels in currents over-e
h shelf relative to those in suxmrdurirq~wa-.  IWmso, there
~tibe aweak meteorologically+riven flow cmponmt during ~.
This flow~nmtis likelya Combination ofdirectwird stress ticoastal
==9
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-ward of appmximtely  the 50-m isobati is a relatively strong eastwml
cLmentlhat Aa_ (1984) ternE ‘%he~ufort~.” It is
~W ikt the flow attends franthe nearsurface  tothebottan &tween
the 50-- 2500-m isobaths. The surface circulation is of man westmrd
motion and mpmsmts thesoutkme dgeofthea nticylonic gyrein the Canadian
Basin of the Arctic mean.

Previals  “investigations have not detail~ ~ transition ti mmmunication
between the inshoreor neambre rqim aml circulaticm farther offshore. The
mcroachment of ice remains a formidable oktacle to obbinhg adequab data
recurds. A smd.1 ~ of individual anxent records imiicate suktmtu“ 1
cro6s isoba~ water motions kkween the offshore - ~ore regimes, so that
there is potential for exchange be- the - regimes.

1.3 ORGANIZATIW OF THIS RERX?l!

The structure of this report reflects the near-hkpendence  of the three
objecti~. !Ihree primary sections descrih the work associated with the three
objecti- ard are intenkl to M alone, largely independent of =ch oth=.
Within =ti respective section, methods, results and discuss. ion, ail oth=
~ details are pr~. me ~i~ ~eensesw
results of all three project aspects, @ a short R2mmer&tions  section
follcms .
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2.1 MEIIKxE

2.1.2 Data Docummtation

The dab documentation step imhded acquisition of information on Were, b,
*Y, hw, and by tim individual da- b were collected. For =@I of m
data sets identified, all available infcmmtion of this type was ~cked frm
the reference material or via dhct contact with & original invesla“gator(s).
A series of ~“ Zed data set ~tionfomswasusedti record the
information. tividual data sets we?= iwaXlt= ied accmiirq ti location
within W2 study regia - @pes of da- collected, as descrbed Mw.

Ammugh  NOAA’S  p-nary “~inthisprcgram was the_tionofhistor-
ical measurements inshore of the 20 n hhti,  a ~= m mcmpassing  the
entire Alaskan Beaufort  _ ~ shelf was ~ in tie ithtification
- ckxmmentation  phases of the st@y (Figure 2-1). ‘Ibis was done -~
the~ ~em2nts were often part of~scale=ntinentalti
=p=P, and it was felt -t wi~ * ~ pichre, = relewmoe of
~ data sets might be lc6t. Five subrqions within the ~1 _ area
weredefinedforthe~  of~

. the location of data collected in
~exp=r~. -subregim~~ted~y on -basisof
9~c f-tures (i.e., major baysaxxl q), aml partly onthe basisof
knmn concentrations of past ocemq@n“c activity.

Eta @pas dkmmted incluaed  Curralt- (xmored ti pofilirq), Iagrangian
drifter, hy - hic (~~ - salinity), sea level (tide gauge), @a *
mteorolcyic. Fors levelad meteorologic dab, only those data sets frm
teqcmry stations installed as pa?% of dkcrete ~-wexed~in
this st@ (i.e., 1ow-- station data fran ~ Weatha stations or Nos
tide stations K not docmmted )*
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Figure 2-1. Map of the study area. Heavy lines delineate study subregions, labeled 1-5.



Ztlefinalaspectof* dmlumtation task M- liE%tiq p=tin=t l&erences
fcreadld ataseta omtsni=eqlent  ‘mwstigators will & able to locate nme
Wormationon aparti-data set if desired. T!M2=lqref~-
aelected franthe fullsetofrefal==ea mcmered dur~ the identification
task (see section 2.1.1 above).

2.1.3 Data ~ilation

Data ompilation consisted of _ acquisition, organization, - reformatting
of all available historical data sets idmtified ky * x. Data sets
available in digital format on ~ stcmge mdia were - primary brget
for acquisition, altlxmgh in a few cases, optical ~gitization of hardmpy
talxllar data listings allwed ~ti~ of data -- --lY
available on c4xpu@r media.

Sime a considerable volmre of data w available ~ the National ~
9ra@ic-ti~ (NODC), itwasde=ided tiship~386mi~to
NCmfor the purpose adimctdata &ansferfrcan the NCX2Carchives to the hard
disk m the 386. ~tely 50 megd@es Ofdatawereobtaimd franmin
this ~. The types of data transfti incllded: cument meter resultants
- ccnpo~ts (file types FO05 ard FO15), low ard high resolution S/CID (file
@pes CO02 ti FO02), La~ian drifter (file type F156), Nansen Me cast
(file ~ C1OO), sea level (pressure gauge) (file type F017), ti * (file
type F191) .

A large volurce of historical data &an - R@hoe Bay/stefansaon Saux3 region
already onhaniinthe~~ data archives was transfer’ra into
the~ject data base, as~amnnbar  ofsraall=da~bacquhdfrcm
individual irwestigatmrs or fran scan-digitization of talmlar  1- in
~*
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A&litional effort was~in attenpts totradcdmn~aquire  data sets
rmt readily amilable &m the sources nutsd *. Ikqite these efforts,
q ofcw knwn historical datza sets remind unavailable, due to proprietary
~ or data inaccessibility. These restrictions am “&sWssed further
in mtml  2.2.

2.1.4 Data Evaluaticm

ane of the se=o@qgoals  of Thsklof Wis sMy WIStoinclude, witi We
data set dmmentation,  a subjective estimate of the data quality (i.e.,
aocuracy, aa@e@ness, consistency) “xnkrent in each data S& idmtified. A
~ical data quality rating scale devaloped by W 10S (Birch et al., 1984)
was illtelded for use in this effort.

Unfortunately, the umailability  of a laqe number of historical data sets,
cmbined with incaplete dmmentation  on q?er -UIEnt&l methods, data proces-
sing, an5 quality control on many otha3s led us to conclude that suti a
numrical evaluation wwl.d be ineff~ive. In &ir arctic data imentmy
Bti et al. (1984) did assign numerical raw to ea~ data set, 3xt in by
cases the number given was 2, ti* was their designation for tietenninate
data quality.

Lkming the course oflAledata analyses oolikt& in Task 2, an evaluation of
eachdata setused~ tie durirqpreparation  of the data for -into the
analysis routines . Saws data quali~ problems bemns ~ent in these
evaluations . !lk?e are noted in Section 3.2.

2.2 RESULXS AND DI_ION

‘meIlumb erofdaasets ~ed during the iclmtification phase cscceeled our
expectations. smeofthese datase&Wlm*tively  smllti Okcure. one
cannot, hmever, categorize such data as insignificant, since in this data
~ region, ~ a M- titi set may provide key information on spatial
and teqmral variability. ~,saneofmese data se* Were poorly
doWmenW andpreSmably  unkMwnto lnarly~arctic”Westigaa. As
such, they have the PotentM toshednsw light onresultsderi~  fmn more
recent studies, ti may guide planning efforts for future field expdmn&.

Atotalof56dktimct project da- sets ~m physical. ooeaKp@c
data fruumpartofthest@y  areamidentifi+.  ‘Iheearliest~
=P=- occumed in1948zu%3-nust  rscent in the sunmr of 1989. Table
2-1 mmnarizes the available infornatim on each of ~ data sets, incl~
=@q a?=s (refer to Figure 2-1 for Suhregiom), data types, and dab
status (archival sta~ W availability). A ref~ islistedtmdrect
the”Ukemstd reader toa sourceof further info?mkion  on the e%perimmt
(minaf=mseswh=eno~id~  ref~ ms found). For ease
of associatkn, ~ti experimmt has been namd aomrding  to axmm usage (e.g.,
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Table 2-1. Summary of project data set information. Subregion designations areas shown in Figure 2-1. Data type abbreviations areas follows:
H = hydrographic, C = current meter, D = drifter, P.= current profile, M = meteorologic, S = sea level,

Project Subregions
Name/Year Reference Sampled Data Types Data Status

COAST GUAHO  1948”

NAVY  19504

NAVY 1951 ●

COAST GUARD 1955’

NAVY 1955*

NAVY 1956”

NAVY 1957’

NAVY 1958’

NAVY 1959’

NAVY 1960”

PAQUETTE 1960’

KiNNEY  1968-69*

KINNEYiDYGAS  1970-72”

MIZPAC  1971*

None found

U.S. Navy Hydrographic
Office (1954)

Mountain (1974)

None found

U.S. Navy Hydrographic
Office (1958)

U.S. Navy Hydrographic
Office (1960)

U.S. Navy Hycfrographic
Office (1959)

U.S. Naval Oceanographic
Office (1963)

U.S. Naval Oceanographic
Office (1963)

U.S. Naval Oceanographic
Office (1964)

Paquette  and Bourke
(1974)

Kinney et al. (1970)

Dygas (1975)

Paquette  and Bourke
(1974)

1

1 ,2 ,3 ,4 ,5

1,2,3,4,

1 ,3 ,4 ,5

1,2

1 ,3

1,2,3,4,5

1 ,2 ,3 ,4 ,5

1 ,2 ,3 ,4

1 ,2 ,3 ,4

1 ,2 ,3

1 ,2 ,3 ,4

2

1 ,2

H

H

H

H

H

H

H

H

H

H

H

H

C, D, M

H, C

NODC; project data base

NODC; project data base

NODC;  project database

NODC; project database

NODC; project data base

NODC; project database

NODC; project database

NODC; project database

NODC; project database

NODC project database

NODC; project database

NODC;  project data base

unavailable (4)

unavailable (3)



Table 2-1. (continued) Page 2 of 4

Project Subregions
Name/Year Reference Sampled Data Types Data Status

WEBSEC 1971*

WEBSEC 1972*

WISEMAN 1972’

WEBSEC 1973*

HORNER 1974*

BARNES (1971-76)’

GARRISON (1973-77)*

z
A 0CS1CAUAWA% 1975*

BSIMS 1975-76

OCSIAAGAARD 1975-80*

OCS/HORNER 1976-78*

OCSICARSEY  1976”

WEST DOCK 1978-77

OCS/MAITHEWS 1977-81’

MIZPAC 1977’

OCS/LEAVITT 1977’

Hufford  (1973)

Hufford  (1975)

Wkeman et al. (1973)

Homer (1981 )

Homer (1981)

Barnes et al. (1977)

Garrison et al. (1979)

Callaway and Koblinsky
(1976)

Oceanographic Services
Inc. (1976)

Aagaard (1984)

Homer (1981)

Carsey (1 977)

Grtder et al. (1978)

Matthews (1981)

Paquette  and Bourke
(1978)

Leavitt (1 978)

1,2,3,4

1,2,3,4

2

1,2,3

1,2,3,4

2,3

1 , 2

3

2*3

2,3,4,5

1,2,3,4,5

1,2,3

3

2

1

2,3,4

H, C

H, C

D, M

H

H

H, C, S

H

s

C, M

C, H

H

M

H

H, C, P, S

H

M

NODC; project data base (H only)

NODC; project database (H only)

unavailable (4)

unavailable (6)

NODC; project database

unavailable (2)

unavailable (2)

unavailable (4)

unavailable (l)c (2)

NODC; project database
(most)

unavailable (6)

NODC; project database

unavailable (6)

NODC; project database
(1977 and part of 1978 -C only) (4)

unavailable (3)

NODC;  project data base



Table 2-1. (continued) Page 3 of 4

Project Subregions
Name/Year Reference Sampled Data Types Data Status

OCS/MUNGALL  1977*

MIZPAC 1978*

WEST DOCK 1978-79

OCS/MUNGALL  1978*

OCS/KOZO 1978-80’

BEAUMOP 1978-83

REINDEER IS. 1979

OCS/WILSON 1979-80”

SAI 196W

MURPHY 1980-81”

GREISMAN 1981*

OC!YWILSON 1981 ●

DUCK IS. 1981

Y0191 1981

OLIKTOK 1981-82

WATER FLOOD 1981 ●

Mungall et al. (1978)

Paquette and Boufie
(1979)

Chin et al. (1979)

Mungall et al. (1979)

KOZO (1981)

Oceanographic Services Inc.
(1979)

Northern Technical Services
(1981)

Wilson et al. (1981)

None found

Mufphy et al. (1983)

Greisman  and Blaskovich
(1984)

Wilson et al. (1981)

Colonell and WehIgartner
(1982)

Toimil and England (1982)

Woodward-Clyde (1983)

Mangarela  et al. (1982)

2

1

3

2

1,2,3

3

3

2,3

1,2

3,4,5

3,4

1

3

3

2

3

H

H

H, C, D

H, C, D

M

H, C, M, S

H, C, M

D

H

D

H, C

H, C

H, C, D, M, S

c
H, C, M, S

H, C, D, M, S

unavailable (4)

unavailable (3)

unavailable (4)

unavailable (4)

NODC; project data base

unavailable (1 )s(2)

unavailable (1)

unavailable (2)

unavailable (4)

unavailable (6)

unavailable (4)

unavailable (2)

unavailable (2)

unavailable @)

unavailable (5)

unavailable (5)



Table Z-l. (continued) Page 4 of 4

Project Subregions
Name/Year Reference Sampled Data Types Data Status

WATER FLOOD 1982-84*

PRE-ENDICOIT 1982

OCWHACHMEISTER 1982’

TERN IS. 1982

MUKLUK 1983-84

LISBURNE 1983-84

ENDICOTT 1985-87”

ENDICOll  1988-90*

OCS/BSMCS 1986-88*

ANWR 1988-89”

Savoie and Wilson (1986)

Britch et al. (1983)

Hachmeister  and Vinelli
(1983)

Northern Technical Semites
(1983)

Norlhern Technical Sewices
(1985)

Beny and Cofonell (1985)

Short et al. (1988)

Morehead et al. (1990)

Aagaard et al. (1989)

Fruge et al. (1989)

3

3

5

3

2

3

2, 3

3

1,2, 3,4,5

4,5

H, C, M, S

H, C, M, S

H, C

c

c

H, C, D, M, S

H, C, D, P, M, S

H, C, M, S

H, C, D, M, S

H, C, M

project data base

project data base

NODC; project data base

project data base

project data base

project data base (except H - 1984)

project data base

unavailable (s)

NODC: project database

project data base (1988 onty)

● Collected under U.S Government agency funding or regulation.
For unavailable data:
(1) Data unavailable due to ~m~rfetaw restrictions or excessive cost.
{2) Investigator or institution ‘ind~cated~hat  the data are inaccessible or woufd require excessive effort to focate and retrieve.
(3) Investigator indicated data sent to NODC, but not found in the archive.
(4) Investigator or knowledgeable party coufd not be reached.
(5) No response received to request for data.
(6) Data not amhived in digital form.



MIZPAC, ~, BSMCS) wh=e such exi.sb, or ~ W investigator/institi-
tion that mrwcted the experilwlt. nlsmecases, one experiment was koken
downinto twoormre  data sets, if~primipal~‘gator(s)  or -
_ major aspect of & experiment cbaqed (e.g., ~I_ 1985-87, EJDI_
1988-89) . zhose~~ldlatwereelelnants  of theoCsEAPprogramm
designated ky the prefix ‘KIW’. Atotalof 430ftk56 data sets (77~t)
-e ei= fuxded or controlled by @lie qmcies.

C)f-56docmmtd datise&,0nly 21w=re Present in15’dr-ty (or
nearly so) in the NODC holdiq3. In - titional case (OCS~S  1977-81)
onlyasxnal lfractionofthedata  knmntihave bea collected was f~inthe
NUDC data base. An additional sevm data sets (sine incmple&] were acquired
from other sources. Thus, 27 of 56 docmmkd data - were unavailable for
acquisition. The reasons for tie unatilabili~  of _ data sets g~lly
fell into two categories. First, in sme cases it was eitha inpcssible to
locate the original i.rwesb“gaa(s),  or if  lcca-,  t h e  “llwestigator  Mated
that the data set was no lomger  accessible. Second, nlzulyofmdatise=
collected ~ private * sources (primarily oil mqanies) were unavailable
due to proprietary constraints. Insuchc!ases, the funding OCmpany or
cmpanies maintains confidentiality on the data for a specified ~ of years
(typically 10). - when the restriction is lM, an exorbitant - may
still be inqosed for anyone wishing to ~ the data. These proprietary
restrictions gmerally applied to stuiies cmduc&d in conjunction witi oil
qloration activities (e.g., BEALU43P), W not m3essarily  to privately ~ed
nmitoring studies associated with EIS ~ or pennit requir~ for
oil develm activities (e.g. , WWEWKKD, ENIXm, IZSBUR4E) .

Certain of thenksirq data sets, due to their dmanmtd exbmaive data
coverage in space aril/or tire, ~ deemed high priaity for additional efforts
at retrieval. These efforts, within the scope of the ~esent study, met with
limited success. If additional da- cxxpilation  efforts are attempkd in the
future, it 55 sqjti that special atb3stion be given to the location,
retrieval, ti imorpmation of the following high priority data sets into the
available public reoord: CCS/MZW13WS (1977-81); BARNES (1971-76); BEZIMOP
(1978-83) ; aml ~1~ (1988-90).

The absence of the OCS@iIT?@E 1977-81 data set ~ special. note.
kcdiirq to Matthews (1978, 1.979, 1980, 1981), p than 35 current ~
depl~ ~ carried out in the S@son Lagoon area during this five-y=
period. sWeral of BWtheWs’ deplqmllmk resulted in lost ~ Witi m
data~. Onlyda* tmn1977and1978 were ~in&NODCtives,
andupon close impaction, even Wey Proved to beunusable duetosaqlirq or
recordimj  interval problems. ~ of IMthews’ data tapes, provided by the
Universi@ of Alask, mm f- to be Mi_le, even by the current
_ manufacturer. me loss of mtthews~ data is an unfortunate and
disap@n~ gap in the historical data record.
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3.0 DATA ANMLYSISAND~ON

3.1 MExHmS

3.1.1 Data .Irlput/output Mal’lagelnerk

3.1.1.1 Stzdard ~ Format

In view of - variety of formats of obbined data Seb, NoDc data format was
chosen asa Stan%rd input format, ti each analytical ~. a~included a.su&okme that sm7edas tie data input section. This suhmkme
~- that selected oceaqm@c or meteomlogi~ format - wrote
header information to the caputer file defined to accept ~ results,

3.1.1.2 Interactive ~ of Parame~

Analytical prcgrams included a ~* - q-. Analyses
remir~ items of information su& as file nm2s for selectim particular data
re&ds, data type, desired
principal axis orientation,
fouri~ transforms (FFTts),
of use of the prqrams evan
decision was made to use an
cation of an input file for

velocity cqxment, whether or n& b rotab into
total number of data @Ilts to intq@ate for fast
andmxthing”intervals for _ plots. For ease
~ ~viduals unf~liar with tha routines, the
intictive ~e rather than require Xi-
each analysis run*

3.1.1.3 Real-time on—screen Plot Display

A r~-time omscreen plut display feature allmed tie analy5t to display
-pl-mthe~~q cq?letion of caputer runs. This
feature played an extremely “xprtant role in previewiq the results of the
laxye number of analytical runs reqired ~ We program. ‘Ibis preview allowed
the option of re+3pecify@ input param~ to inpruve the information content
of plots - wq)uted resdts befOre produoing -copy o@xlt. It ako
improwd da= analysis efficiency by providing inmdiate resul- tit could
keused to choose mkquent awmues of analysis of a given sui= of data.

3.1.1.4 Production of Ou@ut Disk Files

- sections of all prqrams wrote b@louquted an3gra@im ou@u&to
user-specified disk files. !Ihef=ture pKWidedresulG for record inan
easily readable format and files of plot instmch“onsthat~dbe usedto
mak multiple original qies of graphs without rerundq analyti&l programs.
Plot files were of two types, one of instmch“ ons for a Hewlett+adkard  xwdel
7475A pmplealxlm* of~‘CuYs for an Imagen laser printx!r.
q~filesmsaasa meansof~~~~ of
results of all the varims caqxter runs.
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3.1.2 Dati Mani@.atiOn

3.1.2.1 Conversion tolWDCFmt

Many of the data sets ob-ined min~fonnatsti re!qlired
conversion into NCXX format before enalysis.  Program for -ch diff=ent
format ~ion~writtenin C amlpmciuw3 m@t filesof header
information m data in ei- ~‘c or ~lqical NODC f-t.

3.1.2.2 Che&iq for Miss@ Data

Missing datainoriginaldati Sets-ateredei-asbm or as entries
of -999* ,~onmesoum= Fbrmat Conversim ~ scanned f=
ei=type ofentryti wrote -999 as-atr’yfOranYti@ data. The
datarecords  thatkerechosenfm  analysis  ~thenedited  to search out any
-999 entries. vay few blocks of missing data we found. Data reco~ we
truncated ifabldcfell~ either en3, tiinonecase, A@ data frcm
One data record (1985 F&solution Isl@ ~ da=) were rqlaced by two blocks
of ccmpuable data (Deadhorse MET data) slightly lorqer than 24 hams.

3.1.2.3 subsamplirq

Asa@ingn~ofonehcur=  selectedas ~forall datiused by tie
program. Scmofthe datasetsobtaimd had saqlirq intends -than
One hcur . Those data sets ~ subsanpled to yield the series with one-h=
sampling il@mal atthetopof=ch  hour.

Data sets Umtdned time =ies of various 1-. Time series =e
trumated, ei~beginningati,  inordertoafieveti~  ardremrd
1- ma- & records with With comelatim  or ~ joint calcula-
tions ~ I&k. Calculations mde witi idividual  recomls generally u@ the
ertire~lerlg ulaslongasm recod=r=l==~=Y -W
typical depluymmts  in a given data set. Where specific -Culations  were
desired  faragiven  tim series foran~ cmmwxat witharmth=  data
recoti, only the ~“  eegment wasused,  -essofl=cord  l-.

3.1.3 Selection of Data Sets for Analysis

3.1.3.1 ~c Data

QTrrentllkae.  rrecords selected for analysis ~ fran the y~ 1982 ~ 1984
thrcqll  3.988. The Cri-ia -i* w h e n  *- data sets  for  emlysis
irclldd 1- of record, gqraphic location, comrmme withc@ler data
recdsonmemoring, al’dexkklce ofrecom3s  fmn * same location
in successive P. Only CLmm’ltmeterrecoxdsm-q=  water season
(mid/late+Uly to mid—~)w=eavailableti~-~ted toa
maximmof  about eight  wedzs. ~-~~to~ ~“on
or damage. Preference was given to longer records for analysis. In Viw of



the shallow depths (l-2 n) inside the barri= is=, the _ mnstruk
.

e~~~“on by lati barriers on two sides, and the
-teriq effect of barrier islam% against offdmre mtions, currmt records
~ outside the bamier islands were given preference. ‘Ihe@Emtial for

●

lmestigating  the variation Witi depth of cument respometokklfoldng
led, tiemver possible, to the choice of vertically seprated current records
franusamelmoring. ~~~~d-ti thealongskre
ar Offdxxre directl“on Were dlosEmin olderto HWestl‘gate the~ of
xgatiw signak not ~y attrilxtable to local wiml farcing. In
-f ~records  selected  for analysis were~onthe basisof
pu&klal far investigating curmmt-wind  relationships and illuminating uther
-~ ~ that might conlz- to aarrent variabili~ in W2
marshme area.

3.1.3.2 Me’korologic!al  Data

Meteorological data see were chosen on the basis of proximity b (and con-
canxence witi) - selected curr- records. For arrent records fmn the
Prdhoe Bay area, the f M choice for wind—cwrent analyses was Resolution
Is-, slightly~ of Prudhoe Bay.
Is~wereakoX.  Forlh analysisof
Canden Bay, wixx3datawerefm  atapmary
station south of C!anr3en Bay.

Wids fran D&dhaseandmll
1988 current meter data from
meteorological remrihg

. shore

3.1.4 AnalytiW l’bols

3 . 1 . 4 . 1  Autocomelation

the data records. One use
timinte?mlneessmy

Imst of-a~ations were calculated for
of autmmrelations was to estimate the ~-
for current Imtions to be ixxlqexxknt. Aseoond wastosIIP@emmt *n=iks
of a@xq@ral calculations ~ ~ of 1- visual. confirmation for
~a,-~mm”~ was sinply to -de a sinple
descriptive representation of the frequaq ~ of a giw current record.

The autocoxrelation  routina canes fmn =t - PierSol (1971, ~ 9).
Ninety-f ive percent confidence limits -e calwlatsd US- & Fischer
z-transform (Otnes axxi Ihdlson, 1978) ami~@ottedas~ lineson
mcnItputgra@.

3.1.4.2 Ckoss &urelation

Lagged cro6s correlations ware calculated between
between Selectd current ~ -. The basic
that for a~elation, with the _on that
lags ~ used.

wiIilsalx3 mrrentsaI15.
routine isanahgollsti
Ix& negative @ positive

Cross correlations were used b ~“ga* the lead/lag
pairs of data recmxis, ~icularly _ axd cuments.
correlations provided evidence of ~iodicities  at whi~
orcurrti  record pak were ~“ ly related.

170



Spectral plots w=re smothed usiq a boxcar window ~ width mied lcga-
rit3mically  with frequency (&ish et al., 1976). !ilms, at low frequencies,
- few successive spectml estimati we averaged tmgefier, ti the ~
increased with increasing frequency.

3.1.4.4 coherence - Phase

Cchaxmce arxi@ase calculatione arethefr~ danain~of~
correlations. Zhe coh~ =lculations rqresat the joint distrilmtion of
~oftidata ~iesas afunction of fmquemy, axd the phase calcula-
tions quantify the lead/lag relation of two dab series also as a function
of fi-equacy. While cross correlation gives an tication of the overall
relation of two tire series, ~ d phase calculations isolate
particular frequencies at whid the relatedness is strongest.

c&ereme and@’lase  routines follow a n@2wd~ in Jenkins and Wa&,
1968, ~ 9. C& eud quad-qectra were oalculati fran Fourier
coeff icimts (caputed as for a~)amathenm anipulatedto-
estimates ofcokxenceand@ase. Tllese- smothed using a fixed-leqth
linear boxcar window, the95~ Confideme limit farmheremeti-
minsd, arx3 finally, the results platbd against a linear freqwq scale.

3.1.4.5 Rutary SpsCtra

_spc&aw=e calculate in alimited mml= of cases.  As-mm
inplies, this type of analysis investigates  the rotational nature of a given
vector time series, yielding - energy in clO&&e aIX3 Cumterclockwise
ticmsasa functionof● f=zl==Y. -~ is usefulinq
ptile dynamic  medmums as sources of ~ variability. F& instance.mertlal mtionsinmmrulern hmisphm would show ~asa cmcmtration ‘
of aergy in clockwise rotxkionsas~to comterclmhise rwtations.
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!ulelm.rtim is basedupon-~of  Gonella (1972) and3boars (1973). The
fbtion for oalculatiq rotary sp=tral densities rested P -@at@
h Fourier coefficients for We U aXX3 V ~oci~ oaqmmts of a given
record. !Ihe-qectral densities were then moothed using thesalne
tedmiques as for aubqecba ardplotted as=lidam!l dashed lines against
frquenq on a sixqle graph.

3.1.4.6 qlex ~ Regression

Ccmplex  linear regression is the regression ofonevector  time series onto
anoldler. Itisusedtorem=r - fraction of variance of one time series
(depmlent variable) Wat is aomuntablebyakrelationto~
(~v a r i a b l e ) .  The tdmique also produces ascale factor relating
thespeeds anianarqlerelatirg =directions of&two vecbx time =ies
(the isikaft angle). Co@ex regression was one of We primary tools used to
examhe- relation ketweenwird  andcuments and between pab occurrent
and ti records. ‘Xhe~S@dafileof~ results, htno
#- -“

3.1.4.7 Ratation inti Prhcipal Axis Orientation

All analytical program included a _ cption of rotatirxg X time series
into principal axis orientation before prforming ~tions. Rotation into
principal axis orientation means rotating the coordma“ tesystemsothtone
axis lies inthe directionof madmmcurrent
perpendicular to it. The convention used

Wiabili@, and the - lies
thmqhmt was -t the velocity

ocqmentint he directionof tiprincipal axis was termed the Uoapment,
andthat perpndicular  wasthe Vccqonmt. Thisoptionw asexercisedasa
matter of 00XE+=, Sk ~ proximi~ to the coastline ad shallcw depths
genrmlly Cmstmmd

. current dlrectl‘Ons. Thus, Ccqarisons between u
ccqonaks of time ~ies had a consistent - ~ess of the actual
9ecWWhi- orientation of the ooordhate system.

3 . 2  SUMMAIW AND MSBSMBWOFANALY~ m

3 . 2 . 1  1 9 8 2  D a t a

Da&recadsfzmfourcuxr~~  deplqdas partofa baseline study
nearthe nmthofthe Sagavamrkt& Ri.. (Brilx!h  et al., 1983) were choscm
for analysis (Figure 3-1, Table 3-1). For the deplqment ~
me~lqical data used were frcm a remrdng

. sbtion on Resoluti& Isla@
an artificial drilling islan3 within 3 to 11 km of the moriqs (Figure 3-1,
Table 3-1).

One problem that ~ately became qparent frcm cross cmrelations  betxeen
WiY’daIxi cUment records dbe —clxrent Z-eccmipai mwasthtstarttimes
listed fornnor~Llard13~  imarect and offset ~ slightly mm than
two days. ~ correlations ~ L4, L5andthewind Minted apparently
correct listed start ~for those two ourrmttime=ieso TJnier the
~ionmtmtifieti~ ~use Of Weirclose proximity, as
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Table 3.1e Details of current records enil mAx!orological  data, 1982

File mmeisthenameof*~ disk file for
the data - identifies each reqectim data record

on q pluts @ ~ results files.

Current record Moorim Lacation
I. Il. File Name Beuin Lati~e Lonaitude

(N) m

EL IJ.C!82 07 /29  1100  09/13  0600 70%1. 9 f 147056.7 C 3 . 0 / 5 . 0
L3 L3.CS2 07/31 1900 09/13 0600 70°19.7’ 147°47.01 3 . 0 / 5 . 0
L4 L4.C82 07/31 1200 09/15 0800 70°18.3! 147°48.81 1 . 0 / 2 . 0
L5 IE.C82 07/30 1700 09/15 0800 70°21.41 147°59.01 1 . 0 / 2 . 0

Resolution Is.
mt Dete RI.W82 06/21 1800 09/15 1400 70°22.31 148°03.11
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were L3an51A, start tires for Llan3L3 were adjusted by53ard57haJrs,
r-y, - q - r-e of cress correlation calculations. This
“~ ~*lY ~- - da- PO* of - f- - -i= -

Caqslsated for the xnamecttinesassocia~with~ auquked Uti L3
data. EW!nso, We@ential errcrs in adjusbmnts tostartaare l-3
hours, With mmeqxds to typi@Lly &served -m belxeenwilxxsana
cuments analyzed for this project. ‘iWs, no strcmg oonalusions were
atteqted on the basis of cross-calculations between Ll, u,andm wind.

3.2.2 1984 Data

Three cument inter remrds  I&an 1984 ~ ~ for amlysis (Figure 3-2,
Table 3-2). ~ w?re obtakd duriqamnitmr~p rograminthe Prudhoe Eay
area (~ and Colonell,  1985) . These three current records werefrm
depl~that~ammg~deepest in the ~e area - providd
simultaneous ~emmts separated in both alongshore (132 and L36) ml
cross-isobath (132 W U4) directl“Ons. T&re Werenogapsin-remnk  @
noappamlt “&scrqmcies in start times. ~, the subsequent data report
(~ m Colonell, 1985) in3id@ that all three mmriqs had been struck
@ dragged by ice. Si@e calculations showed -t tie vedor-averaged
moring velocities were 0.5 an/s for L34 and 0.2 cm/s for 132 and 136. These
are cmparable  to the obsemed vector-averaged velocities, - W&ore,
relative velocities ficed by xmrirq mwmmts bias investigatims  of means
for these records. Ontheother han3, theoontri3axtion frommorirqmvement
will not greatly affect qectral results, since #e ~ are r~ kefore
commencing mklilations. In view of tie spatial distribution ti of ldE
validity of qectral calculations in spite of nmorimj translations durirq the
deploynmt ‘~1 these current records m imcltia h the analysis.

Meteorological okervations frm Deadhorse Airport m used in the analysis.
Meteorological data me also available frm Gull Islard, l-ted in the north
part of Prudhoe Bay. ~lex regression calculatim  between the tw3 da-
sets Heated that wird directions at the X l~tions differed by only
seven degrees, W that Gull Island M speeds a~ged about 70 ~ of
De&horse Win5 speeds. Gull Island winds led byoneti - hours. Deadhorse
- were selected on the basis of lager reccrd mlap with the currat
recordsaxd “mntmuas year-*y&lr cmerage, ~~ predictions for
-gem2ralmowered bym-xmoring locations mentioned abovebe
atkcpted for h years.

3.2.3 1985 Data

Nlm=ous  cwm’I’t HE!ters  were deplcyed in the Pr@hoe my area durixq the 1985
~~ ~as~of*Emiioott ~WxlitoriTg  Rmgram
(Ha~et al., 1987). ~yieldedti~ta~,m wsre
deploy~in water 2xnorless~, amlsmewere locat& inshoreof amanmde
gravel causeway sbetching ~ kikueters almgshore - mnnected to
shoreky~ causeway witi several breaches in it. _ currek reconk
were included in the analysis (Figure 3-3, Table 3-3). ‘km of the current
recolds (m2upgKZ andlower)plWided anqporbml“tytostqmcal
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Table 3.2 Details of current records - meteorological data, 1984

File nareisthe name of the~ diSk file far
- data end identifies each reqective data recoti

on - plats arii cagnrkd results files.

current Rscord Moorinu Xnxkion
I.D. File Name Beuin Iatitude Lomitude sensor

132 L32 . =4
or 132 .s84

134 m4.c84
or L34 . S84

336 L36.C84
or 136.S84

Deadhorse Airport
Met Data DH.W84
Gull Island
Met Data GI.W84

(N) (w

08/06 0600 09/17 2200 70°26.3! 148°36.1t 4.6/6.4

08/05 0500 08/29 0800 70°28.3~ 148°28.51 7.3/9.1

08/06 0200 09/12 0500 70°21.4! 147°46.61 4.6/6.4

06/01 0100 09/30 2400 70°11.92t 148°26.47’

06/22 0100 09/15 3.!500 70°22.0’ 148°43.9~

Table 3-3. Details of current records tin&eorologicaldata, 1985

File name isthenaue of the ~disk file for
thedataard identifies eachrespsXivedatarecord

on ou@t plats exd cxmpted results fiks.

current Record Moorincf btion (m)
I.D. File Name BeYin Iatitude Iawitude sensor/bottcnn

(N) m

~.~5 07/25 1159 09/13 1059 70°18.3* 147°48.8t 1.0/2.0
or ER1.C85

H3XID2UH.C85 08/08 3.205 08/25 1705 70°20.5S 147°48.3a 2.0/5.0
cr ~2U.C85

W21cx@er~21H.C85 08/08 1158 09/13 1158 70%0.5’ 147°48.3v 4.0/5.0
or ED2L.C85

Resolution Is.
Met Data FU4EIZJ.W85  07/16 0100 09/19 1200 70°22.3~ 148°03.11

o r  RI.W85
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relationship ket3een ~ at the m location d, in addition, wre.&ta3ned sea- of the Shielding effect of W artificial barri=. I&cord
len@Ys we 18 ml 36 days, ~*Yo While current reU31Xl EUWaS
~ at a _ of 1.0 meter, it was imluieci  because its 50-day retard
lmgUlprwided*best~tY Ofdet=tiq laq-period current
f luctllations. None of-c=’rent ~hadqagp=termr=

Resolution Isl_ meteorological okemations sup@ied ~ * data for We
1985 analysis. These data contaimed two ~, 08/03 1800 to 08/05 2000-
09/08 1100 to 09/09 1400. m relation between -lution Isl.zd alxi ~
-obsemati~ were deemd sufficiatly close -t~-
observations weresubstiti~y into=twogapsin~=ltion
Islar@ data. Resolutkm Isla?d data ~ favored over DeadWme data -Use
of closer proximity to the Current mk nmrings.

3.2.4 1986 Data

~ arrat records were dmsm frcan theo1986 EWli- Wnitoring ~
(Short et al., 1987) nearshore data set obtained in Stefansson  Scumi near
Prudhoe Bay (Figure 3-4, Table 3-4). These current rmrds -e chosen because
of their long duration ad &striWtion ~ in shallm water ti in ~ore
locations off shore of tie gravel causeway. All the Ourrent records ~
ccmplete and showed no ~t deficiencies. Data coll~ion was terminated
by ice ~chmmt just prior to deploymmt  of current meters farther offshore
that initiated the =ufort Sea Mesos&Le Circulation Study (Aagaard et al.,
1989) . N~re data we not available for ~ison witi offshore data
in 1986.

As in 1985, n&eorological data -e available frcun a remrdhg station on
Resolution Islarxi. These data supplied b information used in the 1986
analysis.

3.2.5 1987 Data

A third-year continuation of tie Edicott monitor- program in Stefansson
Sourd near Pmdhoe Bay (Short et al., 1988) sup@ied marshoR current records
for analysis . Qmrent records cam frau three nmorixq locations seaward of the
alongshore  barrier lyimj off - mmth of _ Sagannirktck River (Figure 3-5,
~le 3-5). -~-ded—~“~ to investigate _ relation
of ~ both vertically at a single location (~ sam as in 1985) ZU%3
horizontally alongshore  at ~tions of qproximtely 6 and 12 km.

one current retold, ml, OonMned a gap frm 08/17 0600 ti 08/17 1800, the
~f=~ Of Onecurrmt Sand depl_ of~in tie
sanE location. Intiewof *gapl@ relative tom*recc@len@h
of 48 days, W gap was lxidged by 1- alation~ ~ ~on -
tkt calculated results -d differ little fran those &&uned ifarnre
~=~ method were used to bridge W gap. ~, calculations made
with the gap filled with zeroes were nearly ickmtkal with those mde after
bridgiq by linear intqd.ation.
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analysis.



\+h\ “ . . . .
1.’”’ ,.l. .), ~ I f, )“ 1)

% f ‘>
I. I.-

,)
, .,..

70°28’
+ + ‘-1”-’’”y,..,  ‘ l-” . “1 ‘1 1- 1 -1 I I -1-

‘ --+.. _—,. - -“””

-t-

‘o”lQl-

+“

70”14”
+

-1-

-- .

./”’ (+- ‘“ +\. ~ -“i \\ i.

+

1“

\ “>
+ +’..’J -1- +

\“. -..’ —.. -,->
-> \... ‘a

“-l-

?0”2

:

\

L

i.

“’-”-’”+, $00’4’.— ..-

+.7(W

‘+CA -

J’c- -.,-

-“170022’

‘-l\

-1-

“1 70%8”

+

‘u&l.J OLL+LJ
KILOMETEflS a NAUIWAL  MILES

+ + -t- 1-1 -1- + -1” -1 II I ~~ -1-

Figure 3-5. Location of 1987 current meter and meteorological data records selected for
analysis.



Table 3-4. Details of current records W meteorological dab, 1986

File name isthename of-axquter disk file for
the data - identifies each respe&ive data record

on outgmt pluts ti cqxted resul- files.

Curmmtmcord Moorim Location (m)
I.D. File Name Beain Latitu3e Icmitude sensorhottom

(N) (w)

ml ml. C86 07/27 1200 08/23 0800 70°17.61 147°43.01 2.7/4.0
1333q?ex H33. C86 07/27 3.200 09/10 1100 70°21.91 147056.7 ~ 2.7/5.0
ER4 ER4.C86 07/29 1800 09/11 3.200 70°21.1~ 148°14.41 0.9/1.0

-.C86 07/29 1800 09/11 1300 70°22.91 148°13.0t 1.5/2.0
ES6 ES6.C86 07/29 1800 09/04 1000 70°21.7t 148°22.0t 0.6/1.0

Wsolution Is.
Met Data RI.W86 05/31 1300 09/30 1600 70°22.31 148°03.11

Table 3-5. Deteils  of calmentreoords erdmeteorolagicel.  date,  1987

File nemeis&nam of the ~disk file for
the data - identifies ~tirespective data record

on _ pluts - ccqmted results files.

C!lErent Remrd 1430r”H -tion
I.D. File Name Becfin Latitude lbmitude

(N) (w

ml ml.m7 07/25 0000 09/11 0000 70°17.6! 147°43.01 3.1/4.0
~_lD2U.C87 07/24 1100 09/11 1000 70%o.5~ 147°48.3t 2.4/4.2
ED2kwerID2L.C87  08/12 2100 09/11 1100 70%20.5~ 147°48.3t 4.0/4.2
~3_l!D3U.C87 08/25 1700 09/11 0700 70%1.91 147°56.7t 3.0/5.0
M82B-1 04/05/87 04/04/88 70°55.11 146°45.81 72/185
M04B-1 04/03/87 03/30/88 70°52.6! 146°57.3! 52/60

Resolution Is.
Met Data m.w87 05/29 1800 09/30 1200 70°22.31 148°03.1*
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mesecalment  recodsowm’ppd  Currant records obtai=d~ offshore as
partof--. Theywere-~y to investigate the relation
beW2en nearabre Wid ti curr@nts m off- cumGmts about 70t080km
north—norUEE&  of X Stefansson Sound si=.

Arecm5@ station that was installed m Resolution  Is12ud  povided Win5 data
u s e d  in 1 9 8 7  &lculations.  The * data  ~no gaps  o r  de f i c i enc ies  and
tatally  IlraCJcetd  t h e c u r r e n t  me- &q?loyment  irktzmk.

3.2.6 1988 Data

~ - data atilable to - progran frm 1988 m limited. A sirqle
currmt reoonl, frm a mmitorirq project in W area just offshore of &
Arctic National  Wildlife Refuge (ANWR), was dmsen (Figure 3-6, Table 3-6).
While other mrrent llE’&rs w=ede@cyed, theyvmX! varylw=rallorearin
pmtectd ~, ZUY5 it was felt that -culated results would be of very
Iilllited  use, if any. current nters deployed as part of the Beaufort sea
~e Circulatim  Study were reoovered in March ad April 1988, so tiere
were m overlapping nearshore  ti offshore wrr- records for analysis.

A teupmry  MET station  installeti  on the spit  at Sinq@on’s  W in ~ Bay
was tie scurce  of *teorologi@ data for the ANWI? current EW data cunpari-
son. ~ lmgth of the meteorolcgiti data record was slightly shorter G
the current meter recmrd, W contained no gaps or other problematic features.

3.2.7 1989 Data

Data from1989chm fmamlysis weretwo current =ter records from nmring
lmtion CB6, thesameasthe 1988 ANWRda&,_a~e~ record
~ (Table 3-7). Locations are in5icated on Figure 3-6. Choosing the 1989 CB6
cumek records all- cxqarison with 1988 data fran the sanE location and
~tion of cum- sepmti mkkally in & water column. _ were
no cuxrent me- deployed offshore sinmltaneous ly with the 1989 ANWR deploy-
lEn’ts, sono nearshore/off shore conprison was possible.

As in 1988, a teqcmry MET -tion installed on the spit at S_zs CWe in
-en Bay provided =teorological  data for the 1989 deploymmts in Gmrkn Bay.

3.3 ~ AND DISCUSSICX

3.3.1 Wb5 - Neamhom C&rents

3 . 3 . 1 . 1  w i n d - e x p l a i n e d c u r r e n t  variarKx2

The ~ge of current friability e@ainad by the - varied _
spatially ard taqorally, ard showed a distinct depth depmkme (T%ble 3-8).
Generally, tie wind accomted for~~Y 40-50 Ff==$=t of - - -
ofmamhore currents at currat mexdXof3m or less inwater that was
lessthanatout6m. In Conb-ast,  Wil13 explained only Zbut 1-1o pement of
tie variance at depths greater than 3 m (~le 3-8, 1984 ~ies) where bottmn
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Table 3-6. Detail.s ofollK’mk~m mteomlogical data, 1988

File-kthemof-~ didc file for
the data ard itiies each respctive da- record

on - plo& m (xmpted results files.

mrrent  Record Mmrinu Lacation (In)
I.D. File Name Beuti Lati- Imxitu3e sensor/kmttom

(N) m

=1- CL.C88 08/06 2200 09/12 1700 69°59 ‘ 144°431 6.6/7.6
or CB61B.cm

C!andel Bay
Met Data CB.W88 08/05/1300 08/28 1300 69°59 ‘ 144°52 I

Fekok Bay
Met Ilata X.W88 08/10 0000 09/13 1500 69°59 f 142°331

Table 3-7. Details of current ~ an3me~lqiti data, 1989

File name is WnaHe of&~ disk file for
the data aml idakifies ea~ respe&ive data reuxd

on ou@t plots axl cqxted results files.

current Record Moorim Lccation (m)
I.D. File Name Beclin Lati~e Lmctitude semor/kmttmn

(N) (w

C!B2 CB2. C89 08/03 0000 09/09 1900 69°581 144°431 2/3
CB6W CB6U.C89 08/03 0000 09/10 3.200 69°59 ~ 144°431 5/8
-1- ~.C89 08/03 0000 09/10 0500 69°59 ~ 144°43 t 7/8

Can&n Bay
Met D a t a =.W89 08/03 1.200 09/10 1900 69°59 I 144°521
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Table 3-8. Smnnary of regression ard u=mpmmt wrrelation
calculations ~tianacwxenl=

E-% Angle of
Year variance correlated current

Data File Explained ~11 Wirxl - Relative—
Name bv Wti ccmrelation Qn3xmt Sueeds to Wirxl (m)

(%) WlximUm(lag/W) Lor R sensor/bottom
3.989
m6U.a9
CB6L. C89
m2.c89

1988
CB6L.  (288

1987
ml. C87
~2U.C87~/
En2L. c87
~2U.C872/
m3u.c87
ME4B-1.C87

1986
ml. C86
El13 . C86
ER4 . C86
ES4.~6
ES6 . =6

1985
ER1.c85
EJ)2U.C85
EI12L.C85

1984
132.C84
134. C84
L36.C84

1982
m.c82
L3. C82
U.C82
L5.C82

28
3.5
10

19

35
55
33
45
47

39
39
53
27
45

32
41
3

3
0
9

50
52
43
49

0.65(1)
0.48(5)
0.41(4)

0.56 (2)

0.76(3)

2}(2)
NC
NC
0.69(8)

NC
NC
NC
0.82(3)
NC

0.49(1)
0.73(3)
0.38(6)

NC
NC
0.43(6)

0.82(2) s/
0.83(-2) 5/
0.81(1)
0.77(3)

.018

.009

.006

.007

.013

.027

.014

.026

.025

.013

.021

.020

.008

.011

.009

.009

.002

.001

.0001

.007

.018

.023

.015

.014

73%
18%
51%

48%

53%
43%
22%
45%
40%

48%
33%
46%
4%

31’%

63%
46%
14%

10%
90?R
13%

82%
59%
83%
23%

3/8
7/8
2/3

6.6/7.6

3.1/4.0
2.4/4.2
4.0/4.2
2.4/4.2
3.0/5.0
52/60

2.7/4.0
2.7/5.0
0.9/1.0
1.5/2.1
0.6/1.0

1.0/2.0
2.0/5.0
4.0/5.0

4.6/6.4
7.3/9.1
4.6/6.4

3.0/5.0
3.0/5.0
1.0/2.0
1.0/2.0

~/ Wirx3 leads for ~itive lags.
~/ Record starts at 0000 on 25 July 1987 .
~/ I&cord starts at 2100 on 12 August  1 9 8 7 .
~/ N C = Nut mn@ecl.
~/ Exact lag is dubious because of ~-ti etrrors.
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_==~ter_*6m. Homver, intwocasesin 1987, wird
=@ined33~ti35P==nt Ofvarianceofm cuments at nmrixq
locations ml m m2, reqectively. lkke~t~misnot~ for 1985,
~2, %hmtiexpkimedordy3  percent ofti Wriance of the -currents.
These comparisons, al- with ~isons of - scale factors relating winds
aniideqlercmrents (’lbble 3-8) in 1985 ad 1987 Mcate a notable difference
in ti-foldng of the deeper ~. - reason for the diffenaEe inti
example is -t stratified ccailitions  persisted ldro@mt the 1985 P wker
~, while well-mixed -tkms chamckrized lhe mjori~ of the 1987 P
water ~ (Sk@ et al., 1989). Stratificatim ~ahqamybarri=
that inhibited ~cal Ixansf= of mm?nbnn fran * surface layer domward.
m differm=es inlhedegrees ofmixixq - largely dueto wind direction and
-~ affecting h@xqra@“tax’ditim~ei- onshoreor
off shore & drift.

wti a~ for a cmqxrable  fraction of current variance at a depth  of
~tely 7 M at nmorixq lmtion CB6 in Caxden Bay in 1988 (19 percent)
ad 1989 (15 Percent). Durirq the 1989 deplmt, wb’d accmnted for 28
percent of thecummtv a.rianceat ade@ofakaut 3m, tichisconstit
with incm=.sing fraction of wind~lained variance with incm=shg dk&mce
* the ImttOm. Vector-averag: wind q2eed ad direction we similar duriq
those two respective deployment mtenals .

While the *-explained currak variance near the bottcm at location CB6 in
1988 - 1989 is ccqarable, one striking diff~ is that the vector-average
current direction was eaStmm3 in 1988, roughly in qition to & wind, lmt
north—~ in 1989, which lEly reflect geqr@ic *- * weSxard
ti cmpnent. In 1989, near-ace vector-a~ge mrrents at location CB6

~, roughly opposite * --~ currenb and also~ east%catll
~t in qition to winds. Vector-average currmts at CB2 in 1989 were
also~alq thecm=tline, confixmiqacuqment of Cirallation  in
~ my in opposition to direct wti-s&ess fmdq. F1-ti- h M
affected fluctuations in carr@2s similarly ill both years, m there apparently
were _ influences suchasrec~tion  incald= Bayorp’=enceoflo=l
or -e-scale pressure gradi- that e diffti be- the Ixo ym.

!Ihe retarding action of kmlkcm  frition will also influence d- cummts.
However,  bolkm friction is a passive influenoe that ~ on current -1
whidiintur nisrelatitoexknal fmil’g. ‘Ihe @lication  is that annual
variabili~ of =hlogical cxxxlitions,  tich ~Y affect h-
_Cconditions,a-ap~infl~  onthedegree titichti
drives deeper ~.

3.3.1.2 Correlation Analysis

Wil’d Ccmisbntly led Warsbre  Cmrents ky 1-3 hours (!hble 3-8). Cm!=
correlations between * ti ~ mjor axis velocity capmats in the
@ncipal axis ~“ tespkm(hencefom~u~ )rangedfmn
0.38 to 0.91, averagirq  0.69. cross correlation fWKtions decayed to zero
within a lagged ~ of about 40 to 60 lmrs (Figure 3-7 is typical). The
maximum cross correlatim ke- minor axis vekity ~ (hti~
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Figure 3-7. Cross correlation between U-componentsof  Resolution island wind andED2
upper currents, 1987. Wind leads for positive lags.



~v~)of-- cumenta was typically beWeen -0.4 and zero,
- decayed to zem within a lag of about 10 hours (Figure 3-8). The negative
correlation ~tiav mqonmts of cwmnts ~cates that tie
relation may be seax&ry within several kilmeters of the coast. --
- @ase calmlatione between * - ~2 ~, 1987 confirm the intuitive
~tim that the ~relation isatlcw~ies ti-t-ti
tinearsurfa=cumenta are -ly in phase (Figure 3-9).

Analysis o f current reoards frun moorirq looation 13)2, 1985 and 1987 shcws* . crences tithe relation betwm ~measur4attkm
q. In M, WMaCCUElkd for41pelrent and3percat of* currmt
variance at _ of 2 m d 4 m, respe&ively (Tbble 3-8). W 1987, hmwer,
wind accamted fm55 percent@ 33percent of-currat variance at2.4m
ard 4 m, respedively (Table 3-8).

While -e is a lower ~ge of the cumat variance explained by the *
atthelq depths in both years, itisespecially~in 1985. One
significant diff~ is that in 1985, =teorolcgical  patkrns were sud that
well-mixed conditions in ~ water oolumn were never consistently established
over the open-water sescm, while 1987 kas a year fi titi tie wa~ column
wasei~ weakly stratified cxti-mixe dformuchoftk cpenwater~n
(Sk@, et al., 1989). The direct mmqxmce k that in 1985, stratification
terikdt oweakent icoup~ketween thesurface la~zudtheq part
of the water column, ~-influmceofdkect widactiononx
wrrents. !Ihe~ofa~barrier  tovertical  nmmtumtranspk
in19871ed togreaW windinfluEmce  ondeqerourrer&
stratified case

~edtoti~e
~ in 1985. The diff~ in the scale factor relating

@xlal’x3currmts _ at de@h in 1985 _ 1987 reflects the incrb
coupling of M effects to deeper cuments in 1987.

.
lbumum Wmpment cross wrrelation wefficients ketween tie upper ard 1-
currents at ~2 were also differmt h 1985 -1987 (Figures 3-10 - 3-11).
The maximum of 0.64 in 1985 relative lm 0.91 in 1987 ticates a sbmng= coup-
ling of the upper ~ 1- la- of the water column in 1987, as do the lags
oflto2hcmrsin1985~ Otolhw.r in1987 for maximum cxxrelation.

~ y~~ C o r r e l a t i o n  b e t w e e n upp=rtib=-~m=
C&tmctly influenced by tidal signals (cf. Figure 3-12). While the tidal
signal is obvixs, the cross correlation is only qinal.ly diff~ fmm Z-
atthe95~confiti  limit. !Ihereis onlyweakevideme of longs-term
correlation, shown W the &oad positive peak at lag of abut -45 hcmrs and
negative peak at lag of +45 hours (Figure 3-J.2). Cohmmce and@aseoalcu-
lations for the vumqonm& oflpperandlm current records frunm2in
1985 (Figure 3-13) confiym the correlation at semi~urnal  tidal frequencies
(O. 08 @) ~ - no irdkation of significant relation at lower frequmcies.
Analcgous calaihti~ for 1.987 yield ~ ml @we plots (Figure 3-14)
:=~~~ly simil~ to ttm= for 1985, ~lying that -* along the minor
axis is relatively mkpmlkk of stratification @ wirxl pa~.
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upper currents, 1987. Wind leads for positive lags.
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Figure 3-9. Coherence and phase between U-components of Resolution island wind and
ED2 upper currents, 1987. Positive phase indicates wind leads currents.
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Cross ~lation ktwem U-caqonents  of upper * lW current =tsrs at
location = (Cemkm my) in 1989 ir’dicates the deq?x current L=Iing the
~-*wOtol-at maximau correlation of 0.59 (Figure 3-15).
!WS result is qite that in 1985 ard 1987, when upper currents led _
currents . In 1989, M led q=r cun=nts by one hour, maximum correlation of
0.65 (Figure 3-16). For @ ~ * ~,Wilx31ed lower clnz=lt ky five
lmrS, maximum correlation of 0.48 (Figure 3-17). Based P cq?arkon of
cross correlations &tkleen wind @culTmtS at C86 in 1989, q ~
Should leldl— current w ~tf=Y f- -/ W* -9== ~fi
resul- of cross cacrelation calculations ~ titwocurmntt heseries
themselves.

One explanation for tie ~ incons*isthattiti~
=mjofi variance h me ~on of the frequaxy spectrm, while the

po6sess joint variance in am#er~on ofm Spectmm, axximt
the phasiq is differmt kWeen _ - portions of We ~. CoMmmce
- _ @culations  ~cate _ relation ketween the currat records
(Figure 3-18) in ~ low frequency band -e * @ currents are generally
related, lmt also be- 0.10 axd 0.11 cycles ~ hour. ‘Ihe a~ of
m~currentmew~ shows a relative ~ deficit for periods
between approximately 16-50 hours (Figure 3-19) tile tie a~ for
the lower Currmt n&er (Figure 3-20) Shows a castant slope (no deficit) H
the same range. ~espo~ V~nent spectra reflect tie same f~ture,
m less clearly.

lhe implication is that tiers is sufficiti covariance in ~ cxmr=ts in the
0.10 ti 0.11 C@ frequency ba@ particularly -use of - spedral coti of
131eqcllrrmt, todcminatethe~ correlation bebleen q ti 1-
current records. Dinmsions of Camden Bay, respon= to f lucbJations in local
riverine @ut, and the ~l~ed nature of location CB6 to the - are all
@=kial factors influencing the correlation be- q an5 1= currents
at CB6 in 1989.

3.3.3 Feriodicities

3.3.3.1 Meteorological

Spectra forthe Ikcmponat ofti forvaricas analyzed ~~no consis-
tent significant qectral p@cs, al- & spedral ~ Xllay irdicati the
~ofagivenfrquenq in a givm yem. Zhestrong% hintofa consis-

m&mmmalsignalis  ata fmqumcy  of - 0.007 *, %hiCh  cmzesponds
to a period of ~=Y Sfi days (Fiwe 3 - 2 1 - 1 9 8 7  is ~ti=;
&hers, e.g., 1982 Ll, 13, M, L5, 1985 ERl appear in~ A).

A signal at period of about 110 to 3.20 hmrs appears in aubqedra of 1986
current recods, particularly V—cmpnmt (e.g., Figure 3-22), where -
feature  isnotnlaAced ky*lw—&eqlmcy
~~~” -

merq, ask- ==fa
colzeqmrdlngl=alti~

aubqecbm (Figure 3-23) also exhibits a peak at apprdma-ly this ~icd,
an3atthis period, itsesms likely _twirdforciry iS the SOUrCe of current
variance.
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Similarly, th- is a dkcermb“le~inW@V~t a~of~e
~2 _ curr- meter data fran 1987 at * 0.0078 ~, or 128 h- period
(Figures 3-24 arxl 3-25). The

.
~1--~~

(Figure 3-21) has a =- -d qectral peak tit ~ *t SZUB=
frquenq. As in the 1986 dab, it appears likely that wind forcing is the
Source of current variance in this case.

lhese cases ere Mvidual  exanples drawn &an diffti years. While W
p=iods may be consistent witi typical n&eorological qectral chara_-
istics,-qlowfrequenq~  @uescalculated herezeti
statistically signifi-. lllus,e videmcea lldintuitionp~  titibeing
the major factor in ~ flu-ti- in & nezmbre area at peridls
P*-mYloo-t~ ~inf~ is far fmn comlusive @
=ution k4muld be used in hterpretixq = wind-current relation @lied in the
msesdkxssed above. The hxadknd nature of meteorological @mcmma, witi
~distrilxked-a~i~ bandraxqing frmafewdaysti more thana
weekcan mask the presence of other low-frequmcy phencmena that Contiikute to
current variabili~.

~ermce and phase calculations (Figures 3-9 ad 3-26) frcm 1987 shw -t
the major spectral relation between ~nents of win5 ard currents is at
frequencies of ~roximtely 0.02 * ard less, which correspoti to periods
longer than a few days. ti=mce ~es ke~ frequencies of 0.02 to
0.04 C@. corresponding phase spectra irdicate that * * currents are

tely in phase at low fr~ies, kxt the generalapproxim ~in@laSe
angle with k-ing frequemy implies a lag of OurmmtS bdlina Wil’ka fluctua-
tions as frequency increases. While mnfidenoe limits were not =lculated for
the@seplots,  itis Mkely that theyare ontheorderofplusm  minus15
degre . This estimate aSSulES an average of fin successive raw values for
each @aSe estimate (lo degrees of freedom) , conespmdiq coherence (not
coherence squared) @lles Of 0.8 or ~=, @ ref~ to Fig. 9.3 of
Jenkins axx3 Watts 1968. Because of #e ~ error of several degrees in
phase estimates,  caution tidke~ intryiqtide~=ct~
relations between wiml E@ CmrentS.

The luw-frequenq relation irdkted by c&erence ti phase results is borne
* by the shape and initial decay of the reqective cross correlation
flmctions be—wil13am3currmts (Figures 3-7 axd 3-27), in which the
functions havs maxima at --z- lag ad decay to 2- within lags of about
plus or minus 50 hours. The phase lag at mximum correlation evident fran tie
cress correlations is 1-3 hcurs, with wid leadixq ~. ThiS@aSe lag
-d ~~lY comeqmd totheatiphasediff~ at~maxinnm
cohaence value ketween Win5 ti CurratS, which is at about 0.01 cph.

Inviewof the factthat wixilacCOUntS foruptoatxxxthalf—~
current vari~intheamlyz~  records, there isnoquestbn thatthel-
frequency enis of the current spectra reflect low-freqwmcy fluclxations  in
theti. Thatthm2 are not msessarily consistat sharp ~ at ccrmn
frequencies intiaxl ourrent spectra irdica- the broad bard nature of
tiforcingra merthantheakence ofastrong~“on betW2al the two.
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3.3.3.2 Tides

~of~-v~ ~ed at Ll, 1982 (Figures 3-28 axx3 3-29)
display the sam general tidal r@xre as - for E)2, 1987, namely ccqarable
semi+iurnalen  eqylxtwith the Wxqment Eaakedbympresace of lm-
frequency energy. Crc6s correlation frrm 1985 (Figure 3-12) reflects t3at the
dm.knt cmmn V-ccqonent signal in & shallow water column at ED2 is tie
semi~uxmal tidal signal.

3.3.3.3 Other

Signals of other periodicities m be idmtified in Current records from the
various years sanpled. ~ike tides, ~? =@anati- for - -
signals are rnre difficult to assign because of the transitory nature both of
currents m ptential ~1 forcing medmkms. Thus, a gi= ~
may be active only part of a deplqment internal orp41aps oney-klt not
the next, Zrx3 therefore the masured ~may not reflect i-preseme.

The results of varim types of calculations suggest the yw--Year ~
of a signal with a periti of ~=Y 35 ~ ‘= -“ F= -let a-
qi?=f= of U-components masured at L34 ad 136, 1984 (Figures 3-30- 3-31)
display ~ peaks at ~iods of about 43 hours (or 0.023 @). ~
of kxqonent data f?xm ~2, 1985 upper (Figure 3-32) aml 1- (Figure 3-33)
cmxmtmeters also have peaksat ~~Y~-P=i~l=- ~
carrdation  function for the k (Figure 3-10) - ti atbcca’relation function
for ED2 1~, U-cqmnent, 1985 (Figure 3-34) - #e periodicity  mare
graphically. AUtq@Za ~.Ofu-av at E32 upper, 1987 (Figures
3-25 aril 3-24) ~ similar e, ad a

~ ~ ~= (Fiwe3-35) indicates that ~ is prharily in ~-cl~ .

!the same of 35- to 45-hour periodicity is uncl=. Wtspedm of the U-
ccmpormts of local wixxi data for 1984 (Figure 3-36), 1985 (Figure 3-37), ad
1987 [Figure 3-21) have peaks at periods of 50, 60, ani 33 hours, respectively.
Only in 1987 do the qectral chara&dstics of - ard arrents coincide at
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appmxhately  the 35- to 45-hour ~iod range, - the signifi~ of the peak
at 33-hour period is questionable. Also, in 1984 -1985, - a~ for
less than 10 percent of the variance of _ currents (Table 3-8), = that
direct ti-fcmirg in that Perid raxje might * be ~ to be signifi-
cant. 0ntie=hm3, itis@Qrtant to Poimt - that, in 1987, local
wind and Cm’Kmts at ED2 upper were significantly~ at 0.0274 @, whiti
mrmsprxk to a period of 36 =. !IIu, wind forcing can neither be
Confixlned  nordenied as the source of variance in the 35- b 45-hmr period
~e,ew-~iafiti ramjeseemti~~titi~
meteorological pericdicities. ~ possibil.i~  is an
~-waw disturbance, Zu’x5 indeed,

~-mgam
~ * phase calculations for 1984

dab show significant dlemlcebe-~~a irlmalc#l@mre
directim, with axremts atthe~~irngl-  bya f-hours.
Ed=ting dab do not allow unequivocal isolatia of #e aoum=  of ~
variance in the 35- to 45-hour period rmge.

3.3.4 !@ocp@iC infects

3.3.4.1 l?rincipal  * orientation

In the nearshore  are, the canbination of ~ ~PhY ~ Profi& to
the ccastline clearly influam current direction. Approximate orientation of
local bottm =ntours ~ principal axis directions for the respective mrrent
records show a close correspondence in mst cases (lable 3-9). Thus, thellmst
eneryetic fluctuations tend to be alorq ~ contours, tich ah -Y
coincide with the coastline. All ten5 to be oriented notiwest~.

3.3.4.2 Vector-averaged Direction

In many a3es, the vector-a~ged  anrrent ~“on also aligns with 1-
kottxm  contcxm, M nut with the sam consistmq as principal axes (Table
3-9) . (Principal axis angles are ~ be- O and 180 degrees tree, so
an addition of 180 degrees is ~ when ccq?aring witi currat directions
k- 180 and 360 degrees lXW. ) Dispari@ between vector-averaged
directions and buttom Wntours in part reflects lW freqllency k~
motion that may be due to an alongshore pressure gradient, for -le.

3.3.4.3 Wti m currents

In contrast to principal  axis  orierrtations  of Curr-, It&h taxi to be
nortlwest~,  principal axes for wird lie ke- 60 and 93 degrees
true (TWle 3-9). While whit fluctuations = to have a strong cross-isobath
cq?ment, currents a.rerectified  into Wealmqshoredkch“on, although it is
irnpoti tikeepin mixxlthatti-forc~  is far from being thesole~
of cuxrti mutions. In spite of this ca-t, @ _ into consideration
wevicus results show@ -tti does~accountfma~e  ~onof
current variance in ~+aoe currmt meter records, W role of tqy3gqhy
in ~ing Wir&f Orced currents is qparent.
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Table 3.9 Sumlary oftiandcalm=nt principal axes, means, ti approximate
bottun contour orientation.

Note: All direcb“onsare indegreestrueard~  “direction tcward which
-velocity ~pokts for both tiami current. m-in~-
perseccq-wke ~asm&cspersecord (m/s) fati. Bottcm

dlrectiomsa  reilldegreesc lockiise frcmmrth.

PRINCIPAL Axis VECICX?A~ CONIWR
Record Qx!!3QQk % Variance -m D&

1989
CB.W89
H.C89
CB6L.C89
CB2. C89

1988
~.W88
C!B6L.  C88

1987
m.w87~/
m2u.

?
,~/

RI.w87-/
ED2U.C87~/
~2L.C87~/
ml. C87
m3u.a7

1986
RI.W86
ED1.C86
IS6.C86
E)3.C86
~.C86
~4.C86

1985
m.w85
EJ32U.C85
ED2L.C85
ER1.c85

3.4
10.8
6.9
7.0

5.0
6.5

6.1
24.2
5.6

24.6
13.9
14.3
25.9

5.5
12.1
10.5
21.1
8.5

17.3

3.8
3.2.5
4.2
6.6

43
110
93

104

76
50

80
X29
77

130
107
140
126

93
139
3.24
J.25
93
44

82
130
102
160

87
75
62
96

87
59

77
95
73
94
82
88
96

77
88
92
96
78
93

80
95
72
81

1.4 m/s
1.2
0.9
2.8

1.6 m/s
2.5

1.0 m/s
3.2
1.5 m/s
8.1
4.3
5.2
7.8

1.6 m/s
3.5
6.0
2.9
1.9
3.1

3.1 m/s
6.8
2.0
3.2

213
129
336
103

228
97

191
91
96

110
123
278
110

241
344
314
328
314
202

235
311

7
18

75
75
100

75

130

130
130
140
3.20

140
85

125
105
320

140
140
140

(Wntinued)
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Nak:xudirectl“Onsmein degrees tmearxi  Epresmtdhctl‘on tcxmrd  Ihich
thevelocity vector points forlmth titicurmnt. speeds areincentime~
wsecondex=pt%d=e~=  ll&el=p= second (m/s) fmti. B&tml
contcxrdirectl“omarei  ndegre=clockwi=  franmxth.

1984
DH*W84 4.7 72 79 1.7 In/s 233
GI .W84 4.9 74 81 2.0 xn/s 232
Hz. C84 3.3 93 90 0.7 102
m4 ● C84 3.5 104 70 0.6 82
136. C84 11.3 110 90 0.1 200

1982
RI.W82 5.2 61 84 2.3 111/S 231
L1. c82 14.1 146 95 2.3 333
13. C82 17.9 121 97 1.9 256
L4.C82 11.8 1.53 79 4.4 4
15.C82 10.2 102 86 4.2 275

110
100
115

1.25
130
135
I-25

~/ Record starts  at 0000 on 25 July 1987.
~/ Record starts at 2100 on 12 August 1987.
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3.3.5 Spatial current Correlations

3.3.5.1 Alongshm

Analysis of thesmall~of da* records ~ted alongd’mre indimtes
that-cuxrentsatti~ ofanmrirg pairterdtol  - thoseat
thelmoring farther east. In one exanple &m 1987, IZ33 - ~
leads that of~l, about llkm east, byoneto bmhaJrs (Figure 3-38). This
r~ a @ase speed of akmt 2 @s. Similarly, in 1982, E Wccxqmmt
leads L4byonemtwollolm. Mooriq Xf5isabout 8km westof IA. However,
frcm 1982, Ll Wmpnent lags L3by thee hours, Whi&isopposi-the
~-. Inviewoferrorsh

.reconhg truetitilnesforxa and L3,
t&de&tion2may siqly be due to a lag ~iqmed by errmeas start tiuEs.

~leads E!6, alxxt33km fz@hereast, byonlyalmt
an houral maximum positive cross correlation of +0.35, ~ by 55 hours at
maximum negative correlation of -0.42. These Iwo canmmtrewrds are bth from
de@kof4.6m inwater6mdeq, arddirectw ird-forc~ does not appearto
contrilxxte signifitiy to the variance (Table 3-8), so the cross wxrelation
may irxlicate propagating distllr~ w @lase13 response to i@Xect wind
effects Sudl as Upwelling ail surges. In all these Qles, the data are
adquate only to illustrate l~d/lag relationships, ~ fall short of providing
a f inn basis for isolatiq  the und~lyirq dynamic ~use.

3.3.5.2 (koss-isobath

Only one qle, frcm 1984, provides a basis for cross-isobath ccaparisons in
the nearshore ara. In this case, L34 ~, leads that of L32 by 12
hours (cross correlation of +0.37) and @ 52 hmrs (cress correlation of +0.41)
(Figure 3-39) . The cress cmrrelatia  thus provides come confirmation of the
preseme of a 35 to 45-hmr period signal.

On the basis of exist@ data, the inpli~tion is of a disturbance propagating
slmly onshore frcm L34 to L32, abmt 6 km apart. One possibility is a slow
meandering of the ~ eastwrd alongshore flow.
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4.o INTE3WTCN OF RESUL!EWITHT1413BEK~
SEA MEwSQ&E CmCULMToN STUDY (BsMcsl

4 . 1 . 1  Dabwpulation

4 . 1 . 2  Seltion of  Da ta  Se t s  fo r  Ana lys i s

4.1.2.1 BMCS Data

The BSMCS data sets dmeen for analysis witi nearshore Current records were
1987-1988 MB4B-1 d llB2B-1, ~*lY 73 ~ ~ 82 ~1 ~*Yf ~
of PrlX3110e Bay. QXrent record M84B-1 sensor de@was52m inwter601n
deep,@~2B-l~rd~=72m  inwater185m~.  ‘Ihese current
records were coincident with the ~ 1987 ticott ~
=1’addler-*ti

Moni&ing
~ in the with available ~re

W 1987- data reoords ~atout230kn west or 160 km
east frcm P&hoe Bayandwere notused inti analysis. Data frau MB4Ban5
MB2B were considered much mm useful in _ onshore/offshore anrrent
~-.

4 . 1 . 2 . 2  N~e D a t a

Data frm xmriq R)2 ~ marsbre ~ in & ~/off&ore
analyeie. !lhe&oioe wasmadeon the basis ofreoar dl ~-location
outside of marsbre Causeway systems totll’e east ti westof Rldhoe Bay.
In view of * high correlation ~m2andml, theonly @@r ~
reooxd of suitable len@ - location, ~ use of = was considered
rdudant.

4.2 SUMMARY AllD~OFIYUY4

4.2.1 BS4CS Data

Current record MB4B-1 ~ 03 April 1987 ti 30-1988, easily bradceting
the 1987 nearskm cument records. Currmt reccmd MB2B-1 spamed 05 April
1987 to 04 April 1988. -were juigedti beofhighquali&  axd~to
Oontain m missing data. Figure 4-1 _ these two nmorirq lcmtions, ti
Table 3-5 lists general details.

4.2.2 Nearshore Data

Description of the nearakm data (1987 ~2) qqears in =on 3.2.5.
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=lution Is~winils~well correlated with MB4B~ (F@’Q=
4-2). The maximum correlation was KL69 with wird leading ky eight hours, -
thetworemahd significantly correlated abxt 45 hxrs either side of the
maximum. ~useofthe depth of MB4B, it isunlikely  that direct wind
forcing is a significant soume of current nmtioms, Wt mther, the oomela-
tion likely rqmsmts the joint influence of hrgesmle a~ic pressure
distribution onkuthmrrentsti *.

In amlparison,  c r o s s correlation ~ MB4B Ihqonmt leadiq MB2Bby28
hours atthemximm correlatim of +0.60. ConsiW@ that MB4B and MB2B are
seParatedw@yM9k%a~  diffenmce of 28 hcurs is surprising.

4.3.2 N~ and Offshore CXmmts

The maximum correlation be- currmts at E12 - MB4B was +0.65, with ED2
leading by six hours (Figure 4-3). This is consistent with previous correla-
tionsbetween  tiaxi currentsat ~2and MB4B. Thetitime series rsmin
significantly correlated wi~ about 45 hours either side of the maximum.
me maximum correlation between ID2 and MB2B was +0.57, witi ~2 leading by 43
hm . = results in3i=te signifiti comelation belxeen neamhae @
off shore mrrents, m do not suggest an explanation of the uriklyilq cause.

CoMm3ce a-d @ase c a l c u l a t i o n  between  ~ of m2 q - MB4B-1
show a pronounced c!ch=ence ~ at 0.028 @, which mcresprx3s  to a period
of 35 hours (Figure 4-4). ‘I& phase tif~ isabout--, inl%lqll
acjremmt with the lag of six hairs at maximnn cross mxelation. ‘Ihe average
of phase di.ffermoe over & six lb frequencies (each itself a linear
average of five successive values) is slightly less than se- hours. The
nearagreemmt  with the lag formaxhm cross correlation suggests that lW
frequency nmtions cl~ly dauinate - ccmumn nearshae/offshore signals.

Interest.iqly,  a 37-hear period was identified in E)2 qper Uumpnmt a-
~, as well as ~. That period also~ clearly in the MB4B-1
~~ a~ (F@um 4-5). Imidentally, so - a ~ at
period of about 4.5 to 5 days. The fiva+iy period is apparat in the MB2B-1
a~, M tie 37-hour signal is - la ~ Aagaalxiet al.,
1989, also identified the 4.5- to 5*y signal ad specula& that it might
rqresent an eastwm5-WFa trapped wave. whether orlxYtthe  37-hour
si~ has a similar ~lanation ~
speculation. The period

further work todeternum“ beyond
seems tootito keattrilxtable tiprely

n@uxrologi~ causes.

cmssmTelations  an5specbaseme  ti*lishtdle~of~e-
-f f* r e l a t i o n s  a n d  p o t e n t i a l l y  i d e n t i f y  majcm periodicities of aammn
s i g n a l s .  HOWWGZ, the CUlmrrt InStelrdata, in
theissueofxmmmtun

~-t @ o n l y  -y t o
wdmqearxi mtatall tothatofnass  exohaqebetwea

the nearshore ~ offshore circulation.
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5.0 mwREHENsIvE SUMMARY

5.1 m ID~cATIoN, ~m, CXMPIIATION,  AND EwW3ATIm

The objectives of this - wre: (1) to identify, document, ti sumarize
all a v a i l a b l e  i n f o r m a t i o n  o n  hktmical  data sets collti  in the marskre
A l a s k a n  -ufort  S e a  r e g i o n ;  a n d  ( 2 )  b cutpile  @ ~uate  W a c t u a l  d a t a
from -hktmricd  data  setsto  themkmmn ~ p o s s i b l e .

Thistask began withacqyehms ive revkv of ~“c literature,
pjectmports,data~,-  ac&t@@lishedda~”~k% Direct
irquirie swereals osmttoqmfdati “uwestiga~t  agencies, academic
institutions, axd private organizations kmvn to have ~-esinthe
=9i~. ~ti=~,a=0f56~ project data sets ~

~_9i&i@ ~“cdatafran~ part of- study areaw2re
. For ea~ data set, dommentation on where, whm, why, how, = by

whcxn Mvidual data sets was acquired. Data types d~ included current
=* (mored - profiling), Iagrangian drifter, h~c (~-e a-ii
salinity), sea level (tide gauge), ti n&eorolcgic.

After the data sets were identifi~ and docmmkl, the ccqilatim phase
began, ti=ein all anilable bisbrical. data were obtained, organized, ti
reformattefl (into sbndard NOIX formats). A considerable volume of data was
obtained frm NODCviadir~~ transfer fran NODC’sardlival system to
an Ebasco Enwkommkal  386 micmmpter. AnMIer laqe volum of historical
data fronltheprudhoe Bay/Hanson ~ region already on harxl in 12m Etasco
Environmental data ardhives was transferred into the project data base. A
numter of smlller data sets obtained from im3ividual  investl“gators or frcan
Optial scan-digitization of hardq tahlar data listirqs in reperk
ccurprised the remaimk of the project dab base.

Ofthe56 documented data sets, only 29 (sane of these incaplete)  -e
available for acquisition ti akquent analysis. Despite additional efforts
to track dam and acquire the missiq data sets, many remained unavailable due
to proprietary restrictions, inabili~ to locate the original investl“gators,
or inaccessibili~ of the miginal data.

Formal evaluation of the data quali~ associated with ea~ data set proved to
be impractical, due to the unavailabili~ of a large number of historical data
sets, cmnbind with incaqlete docmentation on expdmbl methods, data
gmcessing,a ndqualitycontmlon many~. Duringlh Course of the data
analysis task, an evaluation H made of eadl data set used, ald any apparent
data quali~ problems were ~.

Onere=mmdation arising fmnti taskisa suggestion titgovmment
- agencies be mxe  diligent in ~iq -t O=mcq@ic data cmllected
urderpublic fun5ingbesuhnitted  tolWIX. ~,werecmmrd thatif
pc6sible, regulations be iqlemmted  to require  suhnlss● ionto NCIXof any data
collected by private co~ (e.g., oil a=) _tin9 ~= a9_
-~* ~ the latter case, confidentiali~  -d be sti@a= for a
specified * period, after tich the data wrxld ~ @licly available.
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Nearshore curraks consistently lagged * ~ - to three hours. Cro6s
correlation coeff ici- between =jor-axis ~ (~) of ~
~ curnmts a~ged 0.69 Iart ranged as high as 0.91 for one a in 1987.
Correlation coefficients between minor axis ~ w~) ~
@pioally be= -0.4 and zero ax-d decayed within lags of * 10 hours.
Cchereme - @ase calculations be’tweawil’d—current show that the major
contrtiion  to high correlation was at la fraqmncies,  g~ly la -
0.02 C!@. --speedswere2.7~ of-speed orless for all
wiTxl/current aralyses,  Zm5 the ~ a@e between wirdardcurl=ks  was
-1- -= of r-i=tion of currab in W alcqshore direction.

The =i~ r e l a t i o n  o f  canrents  at #e m morirq  l o c a t i o n  v a r i e d  m a r k e d l y
between 1985-1987. Maximum cross-correlation ooeff icients ~ CIZrmt
records at de@s of 2 m -4 mwere 0.64 - 0.91, respectively, in 1985 and
1987. w nlues occumed atone titwotilagsfi 1985 tizero to one
haxr in 1987, with the shallwer arrents leadiq in bc& cases. -tifica-
tionappeared  to beafa~in - difference. m~,-v~
cross correlation functions ~ only slightly different fran 2-, altha@
a tidal fluctuation was obvious in - plot. Analogous Cokraceaxxi phase
calculations ~-v~ of the~at2mti4 mfor 1985
and 1987 ~ similar, implying -t varianoe alq X minor axis is a ~
function of depth or stratification Wan varianoe alq @ major axis
direction.

There  wasnotable  v e r t i c a l  shear incmmmts allocation CB6in  Canden=y in
1989. Vector-average cummtsatlmtia~w=e  east~inm
upp=xofthewt=mlmm  north—~ mxlleterabovem
kuttom. Vector-average * was tamrd the -~. -, ~
cuments =e prinarily in the m ~“onaswind, lxlt~ nearer tie
surface wereinrmgh apposition totheti. Wfiexplainedlessa30
p==ntofthe===’lt wriance at = depths. At the same location in 1988,
anxentslm_*~- ez&ward, Imt veclmr-amge M was
~~Y the = = fi =89” The ilnplication is that local dynamics
influenced arrents at looation C!E6 in 1989. circulation probably tilects
recirculation in -en Bay ard fluctuations in ~ irqmt due to

2 3 7



Xbspe&m irdicate the P===ofl-f=l==Ysi—~—~
of neardmm  cuments. Wh.ilethe  spectmexhibi  tgeneralewqy  omkexk
tkwqhmt~~offmqumcies  less ~about  0.02@,  _is astrorq
h i n t  o f  i d e n t i f i a b l e  s i g n a l s  a t  fmquerm‘es of 0 . 0 0 7  @ (6-day perid),  at
0.0078 @ (5.3~y pied), ard at 0.0087 ~ (4.8-day period). T&se  are all
in * ~ of frequemies likely attriWtakJe b - forc~, M data are
~~i~_~=@ude~t~ @=-C~
contr~. ‘Ihesesignalsare~inm  Years,  lXtnOt UniverSallyin
all the years analyzed. The &Oadbr@ nature of ti forc~ cxxplica- -
Conclusive identification of any lefrquenq signals.

Autqxdm also tiaite the year--year preseme of a signal at frequencies
of .029 to .022 cph (35-hour to 45-hour period). In one case, the sp=trum
ofommspo~wir xidat aalso indicati a~inqproximtely  -same
frw raxqe, tileother tispectracatalnd m similar ~. one
p=stile explanation b a wavelike disturbance propagakhq alorqshore, M
a conclusive explanation awaits an aperimental program designed to identify
=* ~.

Comparisons between the orientation of local id=- and phcipal axis
directions for cuments ~-fil==of~~y d
-w ~ -line in -* cllmmtsalmqehone.  !Ihisis the case
em when prevailing wird had a significant cross-isobath ccqment. For two
exanples frcan 1985 ard 1987, the principal axes of the deeper curnmts -ed
to be about 25 degrees offshore of - shall- ~. The difference may
reflect the influ~ of layered-f lm effects or friction - _ bottcm.

Cross correlations generally Mcated -t ~ ~ led ~
farWler east. !lhisislikel yrelat=dtoldle~  eashmrd flw in the
nearshore area.

=@e&m&&ti@* result=  is ccxqlicated  by t h e  f a c t  t h a t  w i n d
phenmmm andisaperiodic,  for the nmt part.  ‘Xl@

lleanstit qectraliwestl‘gatiom can rarely yield -lusiw results. It
also means that analyses of ~ive segnen&  of a given data record my
yield results that differ mar’hdly fmneaa- and franal=lyses using-
entire record lell@. ~,lh!e-ihl’tionsofcltkr @=ltial
-c~~~mzerlts mymlap#oseof -win d,-
discrimination between them cliff icult, if nut inqxssible without specific
~~1 design.
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5.3 R?EGRNION OF REsumswImmEBsK!s

only during the Cpm-wat= season of 1987 did available~ Zuxl offshore
axrat ~ (BsMcS) coincide, so ~ nunbr of data records available
for ~/offshore ccnparison was limited. - off- ~ ~
closest to the location of the nearskm current recodsw=edlosen.  -
off shore ourrent records 2301ant0 the West arx3160kmto_ east-
-luded * the assuqtion that caparison of ~/offshore arrmt
records witi~smallest s@tial sepamticn wculd yield-= ~-
tive results.

melnaximm  ccm’relation  between I’=mha= (ED&ti;f:p_B4
nentswas O.65witi*nS=Sh=e ~
cckmnoe andghasecalmlatim~  adistimt peak at 0.02; @ (35-haIr
p e r i o d )  w i t h  ~re CulZ-ak  leadi.ng  bylhm=e  hours.  Low—fl=q==y
ccqonents  are the primary contr~ b * correlation between n==hore
a-d off shore wrrents.

Resolution Islmd WM was also W correlated with MMB-1 WcqzWlt CuIrent
(0.69 wifi M lea- by eight hcmns). lhisismre  likely duetoti~
CLmelT&bothmqmdlng to lqe-sdle atms#=ic pr~ milmtimls
rath= than direct wilil  forcing of ourrer& atadepthof52m at MB4B-1.

missectioncmtains SCIE Ixief reMmHxWtiox=  ~data aa@sition/

archiving aswellas -natureof fu’bn=~“c efforts in - m2gion.

Thisstudy fourd~tonlyti U ofthehisbricalda--~  to
have beaoollected  intheregim  wereavailablefm  p=. ‘Ihism3ybe
at&ikted  to several factors. First, witi respect to - inm@ebmess  of
thedata  holdirqsat  NODGit~  berealized~tfiq~-  i n v e s t i -
gators ~ urxier  no obligation to suhuit final data ti -t facility. ~
caseswsucha~ didexist(asaqtiain scnE~
_ agency ~a, for _le), m _ qies = ~y
not diligent in wdfyirq the data IxanSnu“ttals. The case of Cx2S/MMZHINs
1 9 7 7 - 8 1  (~ section 2.2)  is  an ~ case in pint. ~ly, b o t h
inv~gators  mtl _ agawies assign a high priori~ to _ mllection
@ analysis of data - the reporting of scientific results. Data archiviq

transmittal tiNoDcisoft=l - last, and byp==q?tim,le=t~
task of any project. A second ~lem is - -voidable c~ of
--l ~“ The @arlxre of a principal ~“gator, graduati
student, or key data manager before project mq?letion  stmqly reduoes the
chance of ort&ly data ardliving ZuXl Ixansml“ttal. The inaccessibility of
propri~ data sets for q ym (see section 2.2) is a M reason for



g a p s  i n  m a v a i l a b l e  ax-dived d a t a  b a s e .  B y  t h e  t i m e  * prcprie~
r e s t r i c t i o n  i s  l i f t e d  fmn a  d a t a  set, - o r i g i n a l  data m a y  b e  l o s t  o r
degrad-, - t h e  i n v e s t i g a t o r  m a y  b unl--le.

We present two mwmexdations with respect to the data accessibili~
qu+on. First, we suggest that strmy=r eqhasis be placed on ~ing the
sulmussion of data to NODC in all projects funded w relic ag=ies. Secoti,
wesuggestthata~ be @ in place whereby data collected ud=
p-iva~ _, ~ associated with ~-q~ a~i~ties (e.90,
permitted exploration an-ii development af=tivitis), be requked b k suhnitted
to NODC in a timely fashion. m - latter case, it cald ke stipulated tit
~ da- shall remain Confid-ial for a specified amount of the, after whi~
it wmld bemne publicly available. Atleast insucha sysban, the data would
not be ultimately lost.

oneoftheappmalt~ in dlaractdzing &E! relation ktween -
adneambrec urrentst ibetween nearskm arxi offshore Curren&ism
~ of maqqilic data behRen ralghly the 10-m alil 100-m i.sobaths.
The olwious difficulty is ~ mcroachnmt of ice anfl probable damage or
lossofmoredinstnmm ts. Data frmtisegment  of-shelf are~
to investigate tie transition bebmen nearskm - offshore regimes, llhich
likely involves transition frun primarily --forced to ocean—
dynamics. Thisisnot bsaythat ttle realmsof influence do~-mlap, lllt
rah that the degree of influence changes. Wk&leror notwdlangeis
aata~cularm~,for “~t Orgradual isnotwilhirl
tie resolution of existing data.

In arder to investigate dynamic ~, cmcmm’k  moorings  ~ted  *
alongsbre  @ offshore are namssaq: lhis allows identification of pmpa-
9atin9~~asmll==*txmllnation  of phase speeds, walns-len@s, alxl
possibly, Cross-kobati strdxre. continuation of data Ecold&f to ilwlude
i~ “~as wellas W=+=- ~ isdesirable as ameans
of looking at seasmal ad annual circulation patb=l%

~ approach to Supplexwting OllSemltionS  istoa@ycqZrk  models  t o
~shelfard slope rqions of- Beaufort= coast. While su&rcdel
investigations cmld nut be expeded to be -lusive, they mi~t serve to
provide prel~ Mcations of ty’pEs of dplamic ~~w-
tqqraphy, dxatifi=tion, ti ~ foming that lqpify the area*
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